An Evaluation of Rearing Strategies for Steelhead Production
at Hagerman National Fish Hatchery, Idaho

Can a Partial Recirculating Aquaculture System (PRAS) Address the
Challenges of a Large-Scale Stelhead Mitigation Program?
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Hagerman National Fish Hatchery MERTERYS
Monthly Average Spring Flow, 1999-2010 (cfs) J
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Partial Recirculating Aquaculture System (PRAS)

* |s PRAS a practical solution to issues
at Hagerman NFH?

— Maintain or increase production with
declining water supply

— Similar or improved survival compared
to existing production

_(optional)

70%

e 2014 — “Service should consider RAS
whenever there is new construction
or major renovation of hatcheries.”
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Fish Culture (HNFH)

$13,033-514,089 annually in energy costs

S1.2-S1.3 M for infrastructure

0.6 FTE at Hagerman NFH

Hand feeding (PRAS) vs. demand feeders (Raceways)

* Flow manipulation during rearing, monitoring.
— 0.5 BL/sec at ponding, target 1.5 BL/sec

— Sinking feed, changes in feed brands (+guar gum)
in 2017-2018.
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HNFH Raceways
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— Dimensions - 30.5 mx3.0mx 0.9 m
— Less velocity than PRAS, less exercise
— Not self cleaning

— Accumulates CO, and ammonia

— No Phosphorus removal

.S. Fish and Wildlife Service
ower Snake River Compensation Plan Office

nméﬁ'i'&:"p’.’"s’i
G
“\I

Conserving America’s Fisheries



Bloﬁlter j
&\ «ifeptianallk l =9 = =m e ‘L“
==

30% 70% % = T =3 A=
0,
in Control 1 (D.l. =0.20)
— co, -100% CWT and PIT
- Solids out -8700 PIT TagS
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Recirculating Aquaculture (2"9 Edition) — Velocities in the 0.5-2.0 fish/body length/sec
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%&. Lower Snake River Compensation Plan Office A
2 Conserving America’s Fisheries




Study Plan — C. Peery 2014, USFWS - Idaho FWCO

Juvenile Fish Variables.

» Growth rate

» Condition factor

« Health/disease measures

« Survival rate (egg to smolt)

» Percent lipid/protein at release

* Density and flow indices at release

* Precocity at release

* Fin condition at release

« Smolt travel times to Lower Granite and Bonneville
« Smolt survival to Lower Granite and Bonneville

Adult Fish Variables
« Smolt to adult recovery, survival (SAR, SAS)

» Gender ratio
« Age class structure
* Homing/straying rates

U.S. Fish and Wildlife Service
Lower Snake River Compensation Plan Office

Environmental Variables

Water quality/quantity
Ammonia/nitrogen

Total phosphorus

Total suspended solids

CO2 concentration

Water Temperature

Pounds of fish reared per gallon

Fish Culture Elements
Feeding

Cleaning

Sampling

Treating

Crowding
Moving/releasing fish
Costs

Implementation?
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Apparent survival of outmigrating juveniles

For each migration year, we fit Cormack-Jolly-
Seber (C-J-S) models to detection data at
mainstem Columbia and Snake river dams
using Program MARK

Evaluated whether apparent survival to
Lower Granite Dam & Bonneville Dam varied
by Rearing system:

i.e., PRAS vs. Raceways [LDPC+NDC]
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Juvenile Apparent Survival to Lower Granite Dam
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Juvenile Apparent Survival to Bonneville Dam
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Survival to Lower Granite Dam as a function of
April-May discharge in the Salmon River, 2015-2020

g 0.9
)] © .///
-uq_'-) 08 ] Q O /O
= & i
4] //
QE 0.7 4 & o //// @]
[} //
2 0.6 - o
| - .
o) e Pearson correlation
= 05 - S PRAS: r=0.81
= U0
> s Raceways: r = -0.09
& B
o PO =8 ® PRAS
= B © Raceways
S 034 7 o
o L~
o
< 02 . . . . . .
4 6 8 10 12 14 16 18

Cumulative discharge during April-May (thousand cfs)

Conserving America’s Fisheries S, i



Tributary PIT Array Tag Detections 2015-2020
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Adult Recoveries to Sawtooth Hatchery (IDFG)

Adult steelhead returns to Sawtooth Hatchery
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How much better/worse are the groups?

BY 2014 BY 2015 BY 2016 BY 2017 BY 2018 BY 2019

Est. production
Container per container MY 2015 MY 2016 MY 2017 MY 2018 MY 2019 MY 2020

PRAS (3) 30,000 0.003% | 0.041% 0.080% | |0.025% | 0.004% | 0.008%
LDC (3-4) 24,000 0.063%|; 0.137% 0.153%|; 0.091%  0.019% | 0.152%
NDC (3) 27,000 0.118% | 0.110%|  0.038%|| 0.134%

BY 2014 BY 2015 BY 2016 BY 2017 BY 2018 BY 2019

LDC/PRAS 18.9 3.4 1.9 3.7 4.5 19.6
NDC/PRAS 1.5 4.5 8.9 17.3
LDC/NDC 1.3 0.8 0.5 1.1

U.S. Fish and Wildlife Service
%. Lower Snake River Compensation Plan Office
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PRAS Eval

				Hatchery: Hagerman National																		Fish Marking Hatchery Summary

				Species: STHD

				Release Year: 2015



				Brood Year: 2014

				Marking Dates: 8/23-9/12/2014

														Number of Fish Released with Each Mark																		CWT Retention Check						Harvest Estimate						Recovery at SFH								Total Recovery

				Raceway Working Date		Destination Rwy          		Source    Tank		Egg Lot#		Tag Code		CWT Only		CWT &   Ad Clip		Ad Clip Only		Pit Tag    Ad Clip		Total # Fish Released		More than one stock?		Stock		Length at marking		Comments		Checked		Loss/ Unprocessed		Retention Rate		ID_Harvest		DR_Harvest				Rack Recovery (2017)		Rack Recovery (2018)		Total Return to Rack		SAR to Rack Adjusted For Tag Loss		SAR to Rack &
Harvested

				9/9/14		Circular tank 1		26		6		10-02-84				30,775						30,775		NO		SAW A		77 MM		Placed into tanks    1 & 3 temporarily		300		5		98.3%								2		1		3		0.0033%		N/A

				9/9/14		Circular tank 2		27		6		10-02-84				29,979						29,979		NO		SAW A		75 MM		Placed into tanks    5 & 7  temporarily		300		13		95.7%

				9/10/14		Circular tank 3		30		6		10-02-84				31,570						31,570		NO		SAW A		74 MM		Placed into tanks    9 & 11 temporarily		300		6		98.0%

				9/10/14		RWY 61		28		6		10-02-87				23,227						23,227		NO		SAW A		78 MM		Placed into tank 13 temporarily		300		2		99.3%								45		12		57		0.0631%		N/A

				9/10/14		RWY 64		28, 31		6		10-02-87				23,656						23,656		NO		SAW A		76 MM		Placed into tank 15 temporarily		300		3		99.0%

				9/11/14		RWY 70		31, 32		6		10-02-87				22,971						22,971		NO		SAW A		74 MM		Placed into tank 17 temporarily		300		7		97.7%

				9/11/14		RWY 74*		32		6		10-02-87				21,447						21,447		NO		SAW A		74 MM		Placed into tank 19 temporarily		300		1		99.7%

				Brood Year: 2015

				Marking Dates: 8/19-26/2015

														Number of Fish Released with Each Mark																		CWT Retention Check						Harvest Estimate						Recovery at SFH								Total Recovery

				Raceway Working Date		Destination Rwy		Source    Vat		Egg Lot#		Tag Code		CWT Only		CWT & Ad Clip		Ad Clip Only		Pit Tag Ad Clip		Total # Fish Released		More than one stock?		Stock		Length at marking		Comments		Checked		Loss/ Unprocessed		Retention Rate		ID Harvest		DR Harvest		DR Harvest Adjusted Tag Loss		Rack Recovery (2018)		Rack Recovery (2019)		Total Return to Rack		SAR to Rack Adjusted for Tag Loss		SAR to Rack & Harvested

				8/19/15		Circular tank 1		1		6		10-03-01				30,195						30,195		NO		SAW A 		81 MM		PRAS		300		49		83.7%				11.12		12.57		16		7		23		0.0276%		0.0409%

				8/19/15		Circular tank 2		2		6		10-03-01				31,130						31,130		NO		SAW A 		81 MM		PRAS		300		28		90.7%

				8/20/15		Circular tank 3		3		6		10-03-01				32,892						32,892		NO		SAW A 		77 MM		PRAS		300		27		91.0%

				8/23/15		59		36		6		10-03-03				13,332		303				23,166		NO		SAW A		81 MM		Low Density Control, 98.7% initial tag rate		300		5		98.3%		2.36						97		10		107		0.1343%		0.1373%

				8/24/15		59		36,37		6

				8/24/15		59		36,37		6		10-03-03				9,531

				8/24/15		60		37		6		10-03-03				24,526						24,526		NO		SAW A		85 MM		Low Density Control		300		2		99.3%														0.0000%

				8/24/15		61		37,38		6		10-03-03				24,455						24,455		NO		SAW A		81 MM		Low Density Control		300		3		99.0%

				8/24/15		62		38		6		10-03-03				8,711						8,711		NO		SAW A		82 MM		Low Density Control		0

				Brood Year: 2016

				Marking Dates: 8/24-30/2016

														Number of Fish Released with Each Mark														Length at marking		Comments		CWT Retention Check						Harvest Estimate						Recovery at SFH								Total Recovery

				Raceway Working Date		Destination Rwy		Source    Tank		Egg Lot#		Tag Code		CWT Only		CWT & Ad Clip		Ad Clip Only		Pit Tag Ad Clip		Total # Fish Released		More than one stock?		Stock						Checked		Loss/ Unprocessed		Retention Rate		ID Harvest		DR Harvest		DR Harvest Adjusted Tag Loss		Rack Recovery (2019)		Rack Recovery (2020)		Total Return to Rack		SAR to Rack Adjusted For Tag Loss		SAR to Rack & Harvested

				8/25/16		Circular tank 1		Vat 1		6		10-03-36				30,678						30,678		NO		SAW A		79 MM		ras treatment		300		5		98.3%		2		3.41		3.4444444444		58		10		68		0.0737%		0.0795%

				8/24/16		Circular tank 2		Vat 2		6		10-03-36				31,182						31,182						80 MM		ras treatment		300		1		99.7%

				8/24/16		Circular tank 3		Vat 3		6		10-03-36				31,331						31,331						80 MM		ras treatment		300		3		99.0%

				8/27/16		40		23,25		6		10-03-35				23,814						23,814		NO		SAW A		77 MM		ras control        low density		150		0		100.0%		12		27.19		27.418487395		92		12		104		0.1109%		0.1526%

				8/27/16		42		25,27		6		10-03-35				24,005						24,005		NO		SAW A		79 MM		ras control       low density		150		3		98.0%

				8/26/16		62		27,29		6		10-03-35				9,631						23,349		NO		SAW A		79 MM		ras control       low density		150		1		99.3%

				8/27/16		62		27		6		10-03-35				13,718												78 MM		ras control       low density

				8/26/16		64		29		6		10-03-35				23,414						23,414		NO		SAW A		82 MM		ras control       low density		150		1		99.3%

				8/27/16		41		21,23		6		10-03-14				6,342						27,108		NO		SAW A		77 MM		ras control     normal density		150		2		98.7%		5.23		14.37		14.5641891892		66		8		74		0.0936%		0.1183%

				8/27/16		41		21		6		10-03-14				2,486												78 MM		ras control      normal density

				8/27/16		41		21,23		6		10-03-19				13,730												77 MM		ras control     normal density

				8/28/16		41		21		6		10-03-19				4,550												78 MM		ras control      normal density

				8/28/16		61		19,21		6		10-03-14				7,025						26,393		NO		SAW A		77 MM		ras control       normal density		150		2		98.7%

				8/28/16		61		19,21		6		10-03-19				19,368												77 MM		ras control       normal density

				8/28/16		63		17,19		6		10-03-19				26,663						26,663		NO		SAW A		77 MM		ras control       normal density		150		2		98.7%

				Brood Year 2017

				Marking Dates: 8/23-29/2017

														Number of Fish Released with Each Mark																		CWT Retention Check						Harvest Estimate						Recovery at SFH								Total Recovery

				Raceway Working Date		Destination Rwy		Source    Tank		Egg Lot#		Tag Code		CWT Only		CWT & Ad Clip		Ad Clip Only		Pit Tag Ad Clip		Total # Fish Released		More than one stock?		Stock		Length at marking		Comments		Checked		Loss/ Unprocessed		Retention Rate		ID Harvest		DR Harvest		DR harvest 
Adjusted
tag loss		Rack Recovery (2020)		Rack Recovery (2021)		Total Return to Rack		SAR to Rack Adjusted For Tag Loss		SAR to Rack &
Harvested

				8/23/17		circular tank 1		vat 1		6		10-03-69				27,561						27,561		NO		SAW A		72MM		PRAS		902		19		97.9%				1.0		1.02		10		10		20		0.0234%		0.0245%

				8/23/17		circular tank 2		vat 2		6		10-03-69				29,896						29,896		NO		SAW A		70MM		PRAS						ERROR:#DIV/0!

				8/24/17		circular tank 3		vat 3		6		10-03-69				30,012						30,012		NO		SAW A		69MM		PRAS						ERROR:#DIV/0!

				8/24/17		60		21,23		6		10-03-70				23,390						23390		NO		SAW A		72MM 		ras low density		1235		97		92.1%				15.20		16.50		29		35		64		0.0736%		0.0911%

				8/24/17		62		19,21		6		10-03-70				23,372						23372		NO		SAW A		73MM		ras low density

				8/24/17		63		17,19		6		10-03-70				23,680						23680		NO		SAW A		72MM		ras low density

				8/25/17		65		17,39		6		10-03-70				23,944						23944		NO		SAW A		73MM		ras low density

				8/23/17		59		25,27		6		10-03-62				27,258						27,258		NO		SAW A		70MM		ras                       normal density		908		113		87.6%				21.51		24.57		15		42		57		0.0799%		0.1101%

				8/23/17		61		25		6		10-03-62				27,177						27,177		NO		SAW A		69MM		ras                       normal density

				8/23/17		64		23,25		6		10-03-62				27,000						27,422		NO		SAW A		70MM		ras                        normal density



				Brood Year 2018

				Marking Dates: 8/29-9/5   BROOD YEAR DATA MAY NOT BE COMPLETE

														Number of Fish Released with Each Mark																		CWT Retention Check						Harvest Estimate						Recovery at SFH								Total Recovery

				Raceway Working Date		Destination Rwy		Source    Tank		Egg Lot#		Tag Code		CWT Only		CWT & Ad Clip		Ad Clip Only		Pit Tag Ad Clip		Total # Fish in Rwy		More than one stock?		Stock		Length at marking		Comments		Checked		Loss/ Unprocessed		Retention Rate		ID Harvest		DR Harvest		DR harvest
Adjusted
Tag Loss		Rack Recovery (2021)		Rack Recovery (2022)		Total Return to Rack		SAR to Rack Adjusted For Tag Loss		SAR to Rack &
Harvested

				8/29/18		circular tank 1		1		6		10-04-20				30,743						30,743		NO		SAW A 		77MM		PRAS		908		8		99.1%								2		2		4		0.0042%		0.0042%

				8/29/18		circular tank 2		2		6		10-04-20				13,517								NO		SAW A 		77MM		PRAS

				8/30/18		circular tank 2		2		6		10-04-20				19,730						33,247		NO		SAW A 		77MM		PRAS

				8/30/18		circular tank 3		3		6		10-04-20				31,052						31,052		NO		SAW A 		77MM		PRAS

				8/29/18		59		23		6		10-04-21				27,042						27,042		NO		SAW A		75MM		pras            normal density		901		17		98.1%				6.15		6.27		12		11		23		0.0298%		0.0377%

				8/29/18		61		23,27		6		10-04-21				23,315								NO		SAW A		70MM		pras           normal density

				8/30/18		61		27		6		10-04-21				1,456						24,771		NO		SAW A		71MM		pras           normal density

				8/30/18		64		25,27		6		10-04-21				26,911						26,911		NO		SAW A		80MM		pras normal density

				8/30/18		60		25		6		10-04-22				12,794								NO		SAW A		77MM		pras low density		1181		23		98.1%								12		6		18		0.0192%		0.0192%

				8/31/18		60		21,25		6		10-04-22				11,094						23,888		NO		SAW A		78MM		pras low density

				8/31/18		62		21		6		10-04-22				23,791						23,791		NO		SAW A		77MM		pras low density

				8/31/18		63		19,21		6		10-04-22				23,891						23,891		NO		SAW A		77MM		pras low density

				8/31/18		65		17,19		6		10-04-22				12,213								NO		SAW A		77MM		pras low density

				9/1/18		65		17		6		10-04-22				11,639						23,852		NO		SAW A		79MM		pras low density

				Brood Year 2019

				Marking Dates: 8/28-9/3/2019  BROOD YEAR DATA NOT COMPLETE

														Number of Fish Released with Each Mark																		CWT Retention Check						Harvest Estimate						Recovery at SFH								Total Recovery

				Raceway Working Date		Destination Rwy		Source    Tank		Egg Lot#		Tag Code		CWT Only		CWT & Ad Clip		Ad Clip Only		Pit Tag Ad Clip		Total # Fish in Rwy		More than one stock?		Stock		Length at marking		Comments		Checked		Loss/ Unprocessed		Retention Rate		ID Harvest		DR Harvest		DR Harvest
Adjusted
Tag Loss		Rack Recovery (2022)		Rack Recovery (2023)		Total Return to Rack		SAR to Rack Adjusted For Tag Loss		SAR to Rack &
Harvested

				8/28/19		circular tank 1		1		6		10-04-40				31,907						31,907		NO		SAW A		66MM		PRAS		302		12		96.0%								7				7		0.0077%

				8/28/19		circular tank 2		2		6		10-04-40				32,248						32,248		NO		SAW A		69MM		PRAS

				8/29/19		circular tank 3		3		6		10-04-40				29,981						29,981		NO		SAW A		67MM		PRAS

				8/29/19		3B		30		6		10-04-42				17,922								NO		SAW A		76MM		pras low density		402		16		96.0%								139				139		0.1521%

				8/30/19		3B		30		6		10-04-42				4,935						22,857		NO		SAW A		77MM		pras low density

				8/30/19		5B		33		6		10-04-42				11,078								NO		SAW A		76MM		pras low density

				8/31/19		5B		33		6		10-04-42				12,630						23,708		NO		SAW A		76MM		pras low density										13.0

				8/31/19		6B		34		6		10-04-42				24,935						24,935		NO		SAW A		77MM		pras low density

				8/31/19		8B		36		6		10-04-42				17,548								NO		SAW A		76MM		pras low density

				9/1/19		8B		36		6		10-04-42				6,103						23,651		NO		SAW A		76MM		pras low density

				8/30/19		2B		31		6		10-04-41				26,045						26,045		NO		SAW A		75MM		pras normal density		300		13		95.7%								101				101		0.1343%

				8/30/19		4B		32		6		10-04-41				26,922						26,922		NO		SAW A		76MM		pras normal density										9.9		10.4

				8/31/19		7B		35		6		10-04-41				25,632						25,632		NO		SAW A		78MM		pras normal density

				Brood Year 2020 NO CWT FOR TRT OR CONTROLS

				Marking Dates:

				Brood Year 2021 NO CWT FOR PRAS TRT, CWT FOR CONTROLS

				Marking Dates:

														Number of Fish Released with Each Mark																		CWT Retention Check						Harvest Estimate						Recovery at SFH								Total Recovery

				Raceway Working Date		Destination Rwy		Source    Tank		Egg Lot#		Tag Code		CWT Only		CWT & Ad Clip		Ad Clip Only		Pit Tag Ad Clip		Total # Fish in Rwy		More than one stock?		Stock		Length at marking		Comments		Checked		Loss/ Unprocessed		Retention Rate		ID Harvest		DR Harvest		DR Harvest
Adjusted
Tag Loss		Rack Recovery (2022)		Rack Recovery (2023)		Total Return to Rack		SAR to Rack Adjusted For Tag Loss		SAR to Rack &
Harvested

				8/25/21		circular tank 1		1		6								32,496				32,496		NO		SAW A		66MM		PRAS						ERROR:#DIV/0!												0		ERROR:#DIV/0!

				8/25/21		circular tank 2		2		6								31,496				31,496		NO		SAW A		67MM		PRAS

				8/25/21		circular tank 3		3		6								31,740				31,740		NO		SAW A		67MM		PRAS

				8/27/21		6B		21,22		6		10-04-66				24,232						24,232		NO		SAW A		76MM		pras low density		300		5		98.3%												0		0.0000%

				8/28/21		8B		23,24		6		10-04-66				24,060						24,060		NO		SAW A		76MM		pras low density

				8/26/21		2B		4		6		10-04-66				24,021						24,021		NO		SAW A		77MM		pras low density

				8/26/21		4B		2		6		10-04-66				24,309						24,309		NO		SAW A		76MM		pras low density

				8/26/21		3B		2,3		6		10-04-65				30,004						30,004		NO		SAW A		75MM		pras normal density		400		8		98.0%												0		0.0000%

				8/27/21		5B		1,21		6		10-04-65				30,025						30,025		NO		SAW A		76MM		pras normal density

				8/28/21		7B		22		6		10-04-65				30,033						30,033		NO		SAW A		78MM		pras normal density





SARs Post LGD

				Hatchery: Hagerman National																		Fish Marking Hatchery Summary

				Species: STHD

				Release Year: 2015



				Brood Year: 2014

				Marking Dates: 8/23-9/12/2014		BY: 2014

														Number of Fish Released with Each Mark								Total # Fish Released		LGD EST		More than one stock?								CWT Retention Check						Harvest Estimate						Recovery at SFH								Total Recovery

				Raceway Working Date		Destination Rwy          		Source    Tank		Egg Lot#		Tag Code		CWT Only		CWT &   Ad Clip		Ad Clip Only		Pit Tag    Ad Clip								Stock		Length at marking		Comments		Checked		Loss/ Unprocessed		Retention Rate		ID_Harvest		DR_Harvest		DR_Harvest
Adjusted
Tag Loss		Rack Recovery (2017)		Rack Recovery (2018)		Total Return to Rack		SAR to Rack Adjusted For Tag Loss		SAR to Rack &
Harvested		SAR Given Juv
Survival to LGD

				9/9/14		Circular tank 1		26		6		10-02-84				30,775						30,775		37,973		NO		SAW A		77 MM		Placed into tanks    1 & 3 temporarily		300		5		98.3%								2		1		3		0.0033%		N/A		0.0081%

				9/9/14		Circular tank 2		27		6		10-02-84				29,979						29,979				NO		SAW A		75 MM		Placed into tanks    5 & 7  temporarily		300		13		95.7%

				9/10/14		Circular tank 3		30		6		10-02-84				31,570						31,570				NO		SAW A		74 MM		Placed into tanks    9 & 11 temporarily		300		6		98.0%

				9/10/14		RWY 61		28		6		10-02-87				23,227						23,227		85,914		NO		SAW A		78 MM		Placed into tank 13 temporarily		300		2		99.3%								45		12		57		0.0631%		N/A		0.0671%

				9/10/14		RWY 64		28, 31		6		10-02-87				23,656						23,656				NO		SAW A		76 MM		Placed into tank 15 temporarily		300		3		99.0%

				9/11/14		RWY 70		31, 32		6		10-02-87				22,971						22,971				NO		SAW A		74 MM		Placed into tank 17 temporarily		300		7		97.7%

				9/11/14		RWY 74*		32		6		10-02-87				21,447						21,447				NO		SAW A		74 MM		Placed into tank 19 temporarily		300		1		99.7%

				Brood Year: 2015

				Marking Dates: 8/19-26/2015		BY: 2015

														Number of Fish Released with Each Mark																				CWT Retention Check						Harvest Estimate						Recovery at SFH								Total Recovery

				Raceway Working Date		Destination Rwy		Source    Vat		Egg Lot#		Tag Code		CWT Only		CWT & Ad Clip		Ad Clip Only		Pit Tag Ad Clip		Total # Fish Released		LGD Est		More than one stock?		Stock		Length at marking		Comments		Checked		Loss/ Unprocessed		Retention Rate		ID Harvest		DR Harvest		DR Harvest Adjusted Tag Loss		Rack Recovery (2018)		Rack Recovery (2019)		Total Return to Rack		SAR to Rack Adjusted for Tag Loss		SAR to Rack & Harvested		SAR Given Juv
Survival to LGD

				8/19/15		Circular tank 1		1		6		10-03-01				30,195						30,195		45,978		NO		SAW A 		81 MM		PRAS		300		49		83.7%				11.12		12.57		16		7		23		0.0276%		0.0409%		0.0566%

				8/19/15		Circular tank 2		2		6		10-03-01				31,130						31,130				NO		SAW A 		81 MM		PRAS		300		28		90.7%

				8/20/15		Circular tank 3		3		6		10-03-01				32,892						32,892				NO		SAW A 		77 MM		PRAS		300		27		91.0%

				8/23/15		59		36		6		10-03-03				13,332		303				23,166		67,253		NO		SAW A		81 MM		Low Density Control, 98.7% initial tag rate		300		5		98.3%		2.36						97		10		107		0.1343%		0.1373%		0.1609%

				8/24/15		59		36,37		6

				8/24/15		59		36,37		6		10-03-03				9,531

				8/24/15		60		37		6		10-03-03				24,526						24,526				NO		SAW A		85 MM		Low Density Control		300		2		99.3%														0.0000%

				8/24/15		61		37,38		6		10-03-03				24,455						24,455				NO		SAW A		81 MM		Low Density Control		300		3		99.0%

				8/24/15		62		38		6		10-03-03				8,711						8,711				NO		SAW A		82 MM		Low Density Control		0

				Brood Year: 2016

				Marking Dates: 8/24-30/2016

						BY: 2016

														Number of Fish Released with Each Mark																Length at marking		Comments		CWT Retention Check						Harvest Estimate						Recovery at SFH								Total Recovery

				Raceway Working Date		Destination Rwy		Source    Tank		Egg Lot#		Tag Code		CWT Only		CWT & Ad Clip		Ad Clip Only		Pit Tag Ad Clip		Total # Fish Released		LGD EST		More than one stock?		Stock						Checked		Loss/ Unprocessed		Retention Rate		ID Harvest		DR Harvest		DR Harvest Adjusted Tag Loss		Rack Recovery (2019)		Rack Recovery (2020)		Total Return to Rack		SAR to Rack Adjusted For Tag Loss		SAR to Rack & Harvested		SAR Given Juv
Survival to LGD

				8/25/16		Circular tank 1		Vat 1		6		10-03-36				30,678						30,678		75,867		NO		SAW A		79 MM		PRAS		300		5		98.3%		2		1		1.0101010101		58		10		68		0.0737%		0.0769%		0.0905%

				8/24/16		Circular tank 2		Vat 2		6		10-03-36				31,182						31,182								80 MM		PRAS		300		1		99.7%

				8/24/16		Circular tank 3		Vat 3		6		10-03-36				31,331						31,331								80 MM		PRAS		300		3		99.0%

				8/27/16		40		23,25		6		10-03-35				23,814						23,814		73,642		NO		SAW A		77 MM		ras control        low density		150		0		100.0%		12		19.99		20.1579831933		92		12		104		0.1109%		0.1449%		0.1424%

				8/27/16		42		25,27		6		10-03-35				24,005						24,005				NO		SAW A		79 MM		ras control       low density		150		3		98.0%

				8/26/16		62		27,29		6		10-03-35				9,631						23,349				NO		SAW A		79 MM		ras control       low density		150		1		99.3%

				8/27/16		62		27		6		10-03-35				13,718														78 MM		ras control       low density

				8/26/16		64		29		6		10-03-35				23,414						23,414				NO		SAW A		82 MM		ras control       low density		150		1		99.3%

				8/27/16		41		21,23		6		10-03-14				6,342						27,108		61,903		NO		SAW A		77 MM		ras control     normal density		150		2		98.7%		5.23		14.37		14.5641891892		66		8		74		0.0936%		0.1183%		0.1212%

				8/27/16		41		21		6		10-03-14				2,486														78 MM		ras control      normal density

				8/27/16		41		21,23		6		10-03-19				13,730														77 MM		ras control     normal density

				8/28/16		41		21		6		10-03-19				4,550														78 MM		ras control      normal density

				8/28/16		61		19,21		6		10-03-14				7,025						26,393				NO		SAW A		77 MM		ras control       normal density		150		2		98.7%

				8/28/16		61		19,21		6		10-03-19				19,368														77 MM		ras control       normal density

				8/28/16		63		17,19		6		10-03-19				26,663						26,663				NO		SAW A		77 MM		ras control       normal density		150		2		98.7%

				Brood Year 2017

				Marking Dates: 8/23-29/2017

						BY: 2017																										*Awaiting harvest data

														Number of Fish Released with Each Mark																				CWT Retention Check						Harvest Estimate						Recovery at SFH								Total Recovery

				Raceway Working Date		Destination Rwy		Source    Tank		Egg Lot#		Tag Code		CWT Only		CWT & Ad Clip		Ad Clip Only		Pit Tag Ad Clip		Total # Fish Released		LGD EST		More than one stock?		Stock		Length at marking		Comments		Checked		Loss/ Unprocessed		Retention Rate		ID Harvest		DR Harvest		DR harvest 
Adjusted
tag loss		Rack Recovery (2020)		Rack Recovery (2021)		Total Return to Rack		SAR to Rack Adjusted For Tag Loss		SAR to Rack &
Harvested		SAR Given Juv
survival to LGD

				8/23/17		circular tank 1		vat 1		6		10-03-69				27,561						27,561		60,634		NO		SAW A		72MM		PRAS		902		19		97.9%				1.0		1.02		10		10		20		0.0234%				0.0337%

				8/23/17		circular tank 2		vat 2		6		10-03-69				29,896						29,896				NO		SAW A		70MM		PRAS						ERROR:#DIV/0!

				8/24/17		circular tank 3		vat 3		6		10-03-69				30,012						30,012				NO		SAW A		69MM		PRAS						ERROR:#DIV/0!

				8/24/17		60		21,23		6		10-03-70				23,390						23390		72,271		NO		SAW A		72MM 		ras low density		1235		97		92.1%				15.20		16.50		29		35		64		0.0736%				0.0961%

				8/24/17		62		19,21		6		10-03-70				23,372						23372				NO		SAW A		73MM		ras low density

				8/24/17		63		17,19		6		10-03-70				23,680						23680				NO		SAW A		72MM		ras low density

				8/25/17		65		17,39		6		10-03-70				23,944						23944				NO		SAW A		73MM		ras low density

				8/23/17		59		25,27		6		10-03-62				27,258						27,258		63,373		NO		SAW A		70MM		ras                       normal density		908		113		87.6%				21.51		24.57		15		42		57		0.0799%				0.1027%

				8/23/17		61		25		6		10-03-62				27,177						27,177				NO		SAW A		69MM		ras                       normal density

				8/23/17		64		23,25		6		10-03-62				27,000						27,422				NO		SAW A		70MM		ras                        normal density



				Brood Year 2018

				Marking Dates: 8/29-9/5

						BY: 2018																										*Awaiting harvest data

														Number of Fish Released with Each Mark																				CWT Retention Check						Harvest Estimate						Recovery at SFH								Total Recovery

				Raceway Working Date		Destination Rwy		Source    Tank		Egg Lot#		Tag Code		CWT Only		CWT & Ad Clip		Ad Clip Only		Pit Tag Ad Clip		Total # Fish in Rwy		LGD EST		More than one stock?		Stock		Length at marking		Comments		Checked		Loss/ Unprocessed		Retention Rate		ID Harvest		DR Harvest		DR harvest
Adjusted
Tag Loss		Rack Recovery (2021)		Rack Recovery (2022)		Total Return to Rack		SAR to Rack Adjusted For Tag Loss		SAR to Rack &
Harvested		SAR Given Juv
Survival to LGD

				8/29/18		circular tank 1		1		6		10-04-20				30,743						30,743		63,307		NO		SAW A 		77MM		PRAS		908		8		99.1%								2		2		4		0.0042%				0.0064%

				8/29/18		circular tank 2		2		6		10-04-20				13,517										NO		SAW A 		77MM		PRAS

				8/30/18		circular tank 2		2		6		10-04-20				19,730						33,247				NO		SAW A 		77MM		PRAS

				8/30/18		circular tank 3		3		6		10-04-20				31,052						31,052				NO		SAW A 		77MM		PRAS

				8/29/18		59		23		6		10-04-21				27,042						27,042		75,393		NO		SAW A		75MM		pras            normal density		901		17		98.1%				6.15		6.27		12		11		23		0.0298%				0.0311%

				8/29/18		61		23,27		6		10-04-21				23,315										NO		SAW A		70MM		pras           normal density

				8/30/18		61		27		6		10-04-21				1,456						24,771				NO		SAW A		71MM		pras           normal density

				8/30/18		64		25,27		6		10-04-21				26,911						26,911				NO		SAW A		80MM		pras normal density

				8/30/18		60		25		6		10-04-22				12,794								60,979		NO		SAW A		77MM		pras low density		1181		23		98.1%								12		6		18		0.0192%				0.0301%

				8/31/18		60		21,25		6		10-04-22				11,094						23,888				NO		SAW A		78MM		pras low density

				8/31/18		62		21		6		10-04-22				23,791						23,791				NO		SAW A		77MM		pras low density

				8/31/18		63		19,21		6		10-04-22				23,891						23,891				NO		SAW A		77MM		pras low density

				8/31/18		65		17,19		6		10-04-22				12,213										NO		SAW A		77MM		pras low density

				9/1/18		65		17		6		10-04-22				11,639						23,852				NO		SAW A		79MM		pras low density

				Brood Year 2019

				Marking Dates: 8/28-9/3/2019

						BY: 2019

														Number of Fish Released with Each Mark																				CWT Retention Check						Harvest Estimate						Recovery at SFH								Total Recovery

				Raceway Working Date		Destination Rwy		Source    Tank		Egg Lot#		Tag Code		CWT Only		CWT & Ad Clip		Ad Clip Only		Pit Tag Ad Clip		Total # Fish in Rwy		LGD EST		More than one stock?		Stock		Length at marking		Comments		Checked		Loss/ Unprocessed		Retention Rate		ID Harvest		DR Harvest		DR Harvest
Adjusted
Tag Loss		Rack Recovery (2022)		Rack Recovery (2023)		Total Return to Rack		SAR to Rack Adjusted For Tag Loss		SAR to Rack &
Harvested		SAR Given Juv 
Survival to LGD

				8/28/19		circular tank 1		1		6		10-04-40				31,907						31,907		27,695		NO		SAW A		66MM		PRAS		302		12		96.0%								7

				8/28/19		circular tank 2		2		6		10-04-40				32,248						32,248				NO		SAW A		69MM		PRAS

				8/29/19		circular tank 3		3		6		10-04-40				29,981						29,981				NO		SAW A		67MM		PRAS

				8/29/19		3B		30		6		10-04-42				17,922								70,212		NO		SAW A		76MM		pras low density		402		16		96.0%								139

				8/30/19		3B		30		6		10-04-42				4,935						22,857				NO		SAW A		77MM		pras low density

				8/30/19		5B		33		6		10-04-42				11,078										NO		SAW A		76MM		pras low density

				8/31/19		5B		33		6		10-04-42				12,630						23,708				NO		SAW A		76MM		pras low density										13.0

				8/31/19		6B		34		6		10-04-42				24,935						24,935				NO		SAW A		77MM		pras low density

				8/31/19		8B		36		6		10-04-42				17,548										NO		SAW A		76MM		pras low density

				9/1/19		8B		36		6		10-04-42				6,103						23,651				NO		SAW A		76MM		pras low density

				8/30/19		2B		31		6		10-04-41				26,045						26,045		60,411		NO		SAW A		75MM		pras normal density		300		13		95.7%								101

				8/30/19		4B		32		6		10-04-41				26,922						26,922				NO		SAW A		76MM		pras normal density										9.9		10.4

				8/31/19		7B		35		6		10-04-41				25,632						25,632				NO		SAW A		78MM		pras normal density





RE_Summaries

										BY 2014		BY 2015		BY 2016		BY 2017		BY 2018		BY 2019						BY 2014		BY 2015		BY 2016		BY 2017		BY 2018		BY 2019

						Container (n)		Est. production per container		MY 2015		MY 2016		MY 2017		MY 2018		MY 2019		MY 2020						MY 2015		MY 2016		MY 2017		MY 2018		MY 2019		MY 2020

						PRAS (3)		30,000		0.003%		0.041%		0.080%		0.025%		0.004%		0.008%						1.0		12.3		23.9		7.4		1.3		2.3		8.7

						LDC (3-4)		24,000		0.063%		0.137%		0.153%		0.091%		0.019%		0.152%						15.1		32.9		36.6		21.9		9.1		36.5		26.0

						NDC (3)		27,000						0.118%		0.110%		0.038%		0.134%										31.9		29.7		5.2		36.3		25.8



										BY 2014		BY 2015		BY 2016		BY 2017		BY 2018		BY 2019

								LDC/PRAS		18.9		3.4		1.9		3.7		4.5		19.6
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Apparent survival as a function of length,
2022-23 migration years

Apparent survival to Lower Granite Dam, 2022
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Apparent survival to Lower Granite Dam, 2023
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Days to arrival at Lower Granite Dam

Arrival time at Lower Granite Dam, migration year 2022

Summary {(mean days, SD)
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Arrival time at Lower Granite Dam, migration year 2023
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Hagerman NFH Partial Reuse Aquaculture System (PRAS)
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Summary

* As designed and executed, raceways “better” than
PRAS for LSRCP Program at Hagerman NFH.

e Study revised for BY23 after discussions
between IDFG and LSRCP.

* “Supersmolt” feed evaluation for PRAS/Raceways
* Tank velocities same, 1.5 BL/sec

* Changed release time
e Acclimated group
* Report not finalized

* No production for BY24 — Upcoming discussion

* Many thanks to Hagerman NFH, USFWS-AFTC, USFWS-
IDWCO and IDFG E]
e Chris Peery (now with COE)

* Andy Goodwin (PRAS graphics/animations), Jarrett
Page - IDFWCO

e Sage Pike, Brian Thompson, Brian Leth,
Katie McBaine of IDFG for analyses and dedication.

U.S. Fish and Wildlife Service
Lower Snake River Compensation Plan Office
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_ 1 - High velocity group
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* Velocity treatments in 2023 were closer to
target thanin 2022

* Likely impossible given current
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Delayed migration of PRAS fish during 2015-2019?

Detections of steelhead smolts at mainstem interrogation sites in release year + 1.

ear+1 — rearing unit

2016 LDPC - RW74 3DA.1A19AEF1A9 Ra re a n d
LDPC-RW74 3DA.1A19AF5B55 GRJ doesn’t explain
PRAS — CIRC3 3DA.1A19AF58A1 LMJ I
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Proximate Analysis (AFTC)

Migration Moisture | Ash | Crude | Lipid (%)
Year Protein
)
2015 PRAS 94.3 71.8 2.4 18.0 9.0 (a)
Control 96.5 72.9 2.5 18.1 7.8 (b)
2016 PRAS 91.6 76.3 2.8 16.7 4.2 (a)

Control 95,5 73.5 2.6 17.0 6.7 (b)
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Proximate Analysis (AFTC)

1/24/2017 PRAS 5.8 (a)
Control 1 7.2 (b)
Control 2 7.7 (b)
2/14/2017 PRAS 6.0 (a)
Control 1 7.1(b)
Control 2 7.2(b)
3/15/2017 PRAS 6.7 (a)
Control 1 8.0 (b)
Control 2 7.2 (ab)
3/28/2017 PRAS 6.6
Control 1 6.7
Control 2 6.8

U.S. Fish and Wildlife Service

Lower Snake River Compensation Plan Office
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Fish Culture (HNFH)

MY 16 and 17
I T T
Fish/lb 5.25 4.89 4.83
Eyed Egg to Smolt 99.3% 87.7% 77.1%
Feed Fed 17,287 39,377 18,930
Conversion 0.96 1.37 1.39
DI 0.19 0.19 0.20
I A
Fish/lb 5.01 4.50 5.23
Eyed Egg to Smolt 99.2% 98.2% 98.5%
Feed Fed 20,603 21,701 17,878
Conversion 1.11 1.03 1.17
DI 0.20 0.20 0.23

- ) U.S. Fish and Wildlife Service
f_g Lower Snake River Compensation Plan Office TS
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Goedes Normality Index (PRFHP)
MY 15 and 16
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